Facultatively anaerobic and strictly anaerobic bacteria colonizing the intestinal tracts of 14-day-old chicks fed a corn-based diet were enumerated, isolated, and identified. Colony counts from anaerobic roll tubes (rumen fluid medium) or aerobic plates (brain heart infusion agar) recovered from homogenates of the duodenum, upper and lower ileum, and cecum varied appreciably among samples from individual birds. Anaerobic and aerobic counts from the duodenum and ileum were similar. Anaerobic counts were highest from the cecum (0.7 x 1011 to 1.6 x 10"/g of dry tissue) and exceeded aerobic plate counts by a factor of at least 102. Facultatively anaerobic groups (Streptococcus, Staphylococcus, Lactobacillus, and Escherichia coli) comprised the predominant flora of the duodenum and ileum, although large numbers of anaerobes (9 to 39% of the small intestine isolates), represented by species of Eubacterium, Propionibacterium, Clostridium, Gemmiger, and Fusobacterium, were also recovered. Strict anaerobes (anaerobic gram-positive cocci, Eubacterium, Clostridium, Gemmiger, Fusobacterium, and Bacteroides) made up nearly the entire microbial population of the cecum. Scanning electron microscopy of the intestinal epithelia of chicks revealed populations of microbes on the duodenal, ileal, and cecal mucosal surfaces.
Bacterial colonization of the intestinal tract of chicks takes place soon after hatching when the young animals ingest food (24, 30) . During the first 2 to 4 days, streptococci and enterobacteria colonize the small intestine and cecum. The work of Ochi et al. (24) also indicates that after the first week the composition of the flora stabilizes in that lactobacilli predominate in the small intestine (with smaller numbers of streptococci and enterobacteria), whereas the cecum is colonized mainly by anaerobes (Bacteroides and bifidobacteria) and fewer numbers of facultative bacteria. Other studies on the development of the intestinal flora in chickens (2, 15, 17, 32) show qualitatively similar results in that lactobacilli and fecal streptococci can be isolated from the duodenum and ileum, and Clostridium, Bacteroides, anaerobic lactobacilli, and Escherichia coli can be recovered from the cecum. Nearly all of this work on the intestinal microbiology of chicks has involved the use of selective plate media for recovery and enumeration of specific bacterial populations.
In this study we report on the enumeration and isolation of the predominant bacteria colonizing the intestinal tract of growing chicks (14 days old) by using nonselective anaerobic rolltube culture media. Previous work in our laboratory demonstrated that use of a rumen fluid medium similar to one used for culturing ruminal bacteria enabled us to recover large numbers of chicken cecal anaerobes (25, 26) . Data on the distribution of these bacteria along the intestinal tract indicate that several types of anaerobic and facultatively anaerobic bacteria can colonize the small intestine as well as the cecum. Electron microscopy of chick intestinal tract sections show the association of these indigenous bacteria with the epithelia.
MATERIALS AND METHODS
Animals and diet. One-day-old broiler cockerels (Hubbard cockerel x Hubbard hen), weighing approximately 40 g, were obtained from a commercial facility (Foster Poultry Farms, Livingston, Calif.) and fed a typical chick starter corn-soybean ration containing 62.5% corn-21% protein. Birds For dry-weight determination on tissue samples, portions of the homogenate, e.g., 1 ml of a 1:10 dilution, were pipetted in duplicate into preweighed aluminum pans, placed in an oven at 180°C for 5 days, and dried to a constant weight. Microscopic bacterial cell counts were made from 1:1,000 dilutions of tissue homogenates as described previously (25) . For determining viable bacterial cell counts, homogenates were serially diluted in anaerobic dilution solution under CO2 from 10-3 to 10-1', and 0.2-to 1.0-ml portions were added to roll tubes of M98-5 agar medium for anaerobic counts or plates of brain heart infusion agar (BHIA; Difco), pour plate method, for aerobic-facultative counts.
Culture methods and isolation of intestinal bacteria. Anaerobic methodology, composition, and preparation of M98-5 rumen fluid roll-tube medium were the same as reported previously (26) . Four replicate roll tubes or plates were made for each selected dilution from a homogenate. Mean colony counts were determined after 7 and 3 days of incubation at 37°C for anaerobic roll tubes and aerobic plates, respectively. Percent recoveries of anaerobes from ceca with M98-5 medium were calculated from the ratio of rolltube counts to microscopic bacterial cell count x 100. Depending upon the section, at least 25 to 50 colonies were picked from roll tubes. Colonies from tubes containing the highest dilution, usually 10' to 10-4 from the duodenum, lo-5 to 10-7 from the ileum, and 108 to 1010 from the cecum, were stabbed into rubberstoppered slants (13 by 100 mm) of the same medium, and 24- (14) . Prereduced culture media for these tests, however, were dispensed in 5-ml serum bottles (Wheaton) containing 3 ml of medium per bottle according to the method described by Miller and Wolin (19) . Test media were inoculated with 0.05 ml of culture and incubated for 7 days at 37°C before analysis. Fermentation and biochemical features were used to identify strains according to classification schemes of Holdeman and Moore (14) and by comparison with other published data on anaerobes. Similarly, facultatively anaerobic isolates, i.e., gram-positive and -negative rods and gram-positive cocci, from roll tubes and aerobic plates were subjected to several pertinent fermentation and biochemical tests for presumptive identification of strains.
Fermentation acids such as formic, acetic, propionic, butyric, lactic, and succinic were identified from PYG culture filtrates as described previously (27) . Hydrogen in the gas phase of serum bottle cultures was determined by a thermal conductivity-gas chromatographic method (5) . Ethanol in fermentation media was analyzed enzymatically by using alcohol dehydrogenase (Sigma kit no. 331-UV).
Electron microscopy ofintestinal sections. The preparation of intestinal sections for scanning electron microscopy (SEM) was similar to that described by Savage and Blumershine (29) . Six 14-day-old chicks were sacrificed, the body cavities were exposed, and cotton pads were soaked in cold (4°C) fixative and placed over the exposed intestinal tracts. The fixative consisted of 2% glutaraldehyde in 0.10 M phosphate buffer (pH 7.3). Cold fixative was injected into each lumen to fill each ligated section of about 3 cm in length from the duodenal, upper and lower ileal, and cecal areas. These were the same four sections as described above. After 5 to 10 min, 0.5-cm squares of tissue were cut from each intestinal loop and affixed with straight pins onto pieces of dental wax with the epithelial side exposed. Sections were placed in cold fixative for 1 h and then stored in fresh fixative for 24 h. After several changes with cold phosphate buffer, the sections were postfixed with 2% OS04 in phosphate buffer (pH 7.3) for 2 h, again washed free of fixative with buffer, and dehydrated through a graded series of ethanol-water to absolute ethanol. For SEM, the samples were dried in a critical-point drying apparatus using liquid C02, fixed to stubs with silver conducting paint, and coated with gold about 20-nm thick in a sputter coater. Coated specimens were viewed in a Cambridge S4 scanning electron microscope (Cambridge Instrument Co., Inc., Cambridge, England), and photographs were taken at 20 kV with type 55 Polaroid positive-negative film.
For transmission electron microscopy (TEM), sections of the intestinal tract were prefixed with glutaraldehyde-phosphate buffer as described for the SEM preparations. They were then cut into small 0. 
RESULTS
Culture counts of bacteria from the intestine and cecum. Anaerobic and aerobic intestinal bacterial populations recovered on rumen fluid (M98-5) roll-tube medium, and BHIA plate medium, respectively, are given in Table 1 . Culture counts from dilutions of homogenates of the upper and lower ileal sections indicated that anaerobic population levels (106 to 107); anaerobic and aerobic counts in the duodenum were similar. Anaerobic and aerobic counts, however, were greatest in the cecum compared with those of other sections. In the cecum, anaerobic counts exceeded aerobic counts by at least a factor of 102. Large variations were noted in both culture counts when comparisons were made of the same section from different chicks. At least part of this variation was because the quantity of contents in the intestinal sections differed among animals at the time of sacrifice.
It is not known what proportion of the total number of bacteria present in the duodenal and ileal regions was actually cultured in the anaerobic and aerobic media. With most of these samples, bacterial cell counts were too low and/or tissue cells and debris interfered with accurate microscopic enumeration from dilutions of tissue homogenates. Anaerobic counts from chick ceca, however, accounted for 45% (mean of six samples; range, 24 to 77%) of the total microscopic bacterial count. These rolltube culture count recoveries were similar to those reported for the same medium (M98-5) in previous studies in which the predominant cecal bacteria were isolated from older birds (25, 26) .
Isolation and identification of intestinal strains. Colonies from roll tubes were isolated from four sections from each of six birds (14 days of age) on the same corn diet. Isolates were grouped and tentatively classified on the basis of morphology, Gram stain, ability to ferment glucose, and products formed from glucose fermentation (Table 2 ). Other carbohydrate fermentation, physiological, and biochemical tests used for aiding in identifying anaerobes were as described in the VPI Laboratory Manual (14) .
(i) Facultatively anaerobic bacteria. (13) . Another homogeneous group of bacteria were the succinate-producing Eubacterium strains of group Vd. These organisms fermented many sugars (arabinose, cellobiose, esculin, fructose, glucose, lactose, maltose, melibiose, raffinose, rhamnose, ribose, salicin, starch, sucrose, trehalose, and xylose) and may be related to other succinateproducing Eubacteria isolated from human feces (12, 21) and chicken ceca (1, 25) . Other groups of Eubacteria given in Table 2 could not be identified as belonging to known species. Pleomorphic gram-positive rods producing major amounts of propionic acid were identified as Propionibacterium acnes on the basis of comparison of similar characteristics from known species (20) .
Of the spore-forming rods isolated (groups VIIa and b), only VIIb could be tentatively identified as being similar to Clostridium beijerinckii (31) . Both groups of organisms were similar in morphology (fusiform-shaped with terminal spores) and in acids formed from glucose fermentation; however, VIIb differed from VIIa in fermenting amygdalin, arabinose, cellobiose, lactose, and ribose.
Gram-negative budding bacteria (group VIII), isolated from the duodenum and cecum, resembled known strains of Gemmiger formicilis from human feces (11) and chicken ceca (25) . The isolates identified in this study produced formic, butyric, and acetic acids with small amounts of hydrogen and fermented (variable) glucose, lactose, raffinose, and trehalose.
The gram-negative, pleomorphic, fusiformshaped, anaerobic rods isolated were presumptively identified (22) as Fusobacterium sp., producing butyric acid as a major fermentation product, and Bacteroides sp., producing acids other than succinic and lactic from glucose. Since only a few strains from each group were studied, none of the isolates could be identified as being similar to known species of Fusobacterium and Bacteroides.
Distribution of bacteria in the intestinal tract. The distribution of the ten major bacterial groups isolated from six chicks is given in Table 3 . The majority (65 to 85%) of organisms isolated from the duodenum, ileum, and cecum were gram positive. Most of the bacteria from the small intestine were facultatively anaerobic, whereas strict anaerobes comprised most of the cecal microflora. Streptococci, lactobacilli, and E. coli accounted for about 60 to 90% of the bacteria in the duodenum and upper and lower ileum. Staphylococcus and Propionibacterium were infrequently isolated from the intestinal tract. It is worth noting that strict anaerobes (9 to 39% of the total isolated) were obtained from the small intestine and that the most diverse types were isolated from the duodenum. Eubac- terium species were the most frequently isolated anaerobic groups from the small intestine and cecum. Strains of Eubacterium group Va accounted for more than half of all Eubacteria isolated in the duodenum and ileum, whereas those from the cecum were mainly groups Vd and f. Other kinds of anaerobes (e.g., anaerobic cocci, and strains of Clostridium, Gemmiger, and Fusobacterium) were recovered from the small intestine in smaller numbers (up to 9% of the total in the duodenum). The predominant anaerobes recovered from the cecum included a gram-positive coccus and Eubacterium, Clostridium, Gemmiger, Fusobacterium, and Bacteroides species. Electron microscopy of the intestinal epithelia. SEM was used to visualize the bacterial populations inhabiting the epithelial surfaces of the intestinal tracts of chicks. Rod-shaped bacteria (similar to lactobacilli in morphology) were observed lying on the surface of the duodenal mucosa (Fig. 1A) . These organisms seemed to "associate" loosely with the epithelium. Their infrequent appearance in SEM of duodenal sections indicated that they may be easily dislodged during preparation of specimens. Fixation of tissues in glutaraldehyde containing ruthenium red, a technique used for staining mucosubstances in chicken crop tissue (3), had no effect in preserving adherence of more bacteria to the epithelium. In the upper ileum, four to five different bacterial types (rods and cocci) could be seen lying on the epithelium (Fig. 1B) . SEM observations of the lower ileum, however, revealed normal broad, finger-shaped villi, but bacteria were rarely seen on the epithelial surface. The largest populations of bacteria from all surfaces of the intestine were observed on the cecum (Fig. 1C) . Rods and cocci adhered throughout the epithelial surface and in cecal folds. Occasionally it was noticed that bacteria appeared to be located in and around the rim areas of cecal "pores" (Fig. 1D) .
TEM of thin sections from the chick duodenum, ileum, and cecum indicated that bacteria were observed almost exclusively in cecal tissue.
Thin sections of ceca suggest that many organisms may lie in a layer of material (electrondense particles) just above the microvilli (Fig.   2 ). In many tissue sections, bacteria, usually one to two cells wide, could be seen in this layer in close association with the brush border. At- tempts to demonstrate microorganisms by TEM of the duodenum and upper and lower ileum by altering fixation times or methods of tissue handling failed to reveal any bacteria lining the brush border surface of epithelia.
DISCUSSION
The results of this study on the enumeration and isolation of bacteria from the intestinal tract of young (2-week-old) chicks partly substantiate the chicken microflora work of other investigators. Ochi et al. (24) , Barnes et al. (2) , and Smith (30) observed that lactobacilli were the predominant organisms (populations ranging from 105 to 108/g of contents) in the duodenum and ileum of the 2-week-old chick. Streptococci, lactobacili, and E. coli comprised the most numerous of the facultatively anaerobic microflora in these regions. We also have determined that 60 to 90% of the small intestinal flora in the chick is represented by these three bacterial groups. The majority of the predominant bacteria recovered from the duodenum, ileum, and cecum were gram positive (ca. 65 to 85% of the isolates) as in other chicken microflora studies (25, 26) .
Failure of previous studies to determine the presence of anaerobes in the small intestine of chicks prompted us to enumerate and identify the anaerobic flora in the duodenum and ileum by using nonselective media. These results clearly demonstrated that the chick small intestine is colonized by a significant anaerobic flora of diverse bacterial types (anaerobic cocci, Eubacterium, Propionibacterium, Clostridium, Gemmiger, and Fusobacterium). The presence of large numbers of anaerobes in the small intestine suggests that these species may be involved in a hitherto unrecognized function in the metabolism and microbial fermentation of this organ. They may also play a role in controlling populations of facultatively anaerobic and pathogenic bacteria in the small intestine; such a function has been suggested for the lactobacillary flora in the intestines of chicks (9) and rodents (23, 28) .
It is not surprising that anaerobes comprised nearly the entire microbial population of the cecum. Highest numbers of gram-positive (anaerobic cocci, Eubacterium, and Clostridium) and gram-negative (Gemmiger, Fusobacterium, and Bacteroides) anaerobes were recovered from chick ceca. Lactobacilli, which have been recovered in large numbers from chick ceca or fecal material in other studies (2, 15, 18, 24, 30) , were isolated (plates but not roll tubes) as minor components of the cecal flora.
Our observations of the associations of bacteria with the duodenal, ileal, and cecal epithelia by SEM suggest that the mucosal surfaces may not be as populous with intestinal microbes as has been shown for rodents (6, 29) . We have noted that the epithelia of the duodenum and parts of the ileum in chicks seem to be sparsely inhabited with bacteria. Another possible explanation is that the bacteria are associated with mucin layers which are easily removed from the epithelial surface when tissue sections are processed for electron microscopy. No structures (e.g., filaments) connecting bacteria to the epithelium or microbial penetration of the mucosa were seen in SEM or TEM of tissue sections from the duodenum, ileum, or cecum. TEM of thin sections of chick ceca showed that bacteria appear to be localized in the mucous layer lining the epithelium. Recent evidence (unpublished) in our laboratory suggests that diet composition has a profound effect on colonization of bacteria on the intestinal surfaces of young, rapidly growing chicks. It is also possible that the types and amounts of mucins produced in different animals are diet and species dependent. This could have a marked effect on the microbial composition and colonization of the various epithelial habitats.
